Six lighthorse stallions with previous sexual experience were used to determine the short-term effects of sexual stimulation (SS; 5 min exposure to an estrous mare), SS plus ejaculation (SSE), and no stimulation (control) on serum concentrations of LH, FSH, testosterone, cortisol and prolactin. Stallions received one treatment per day on d 1, 4 and 7. Treatments were assigned such that each stallion 1) received each treatment once and 2) experienced a unique sequence of treatments. Neither SS nor SSE had any consistent effects on LH or FSH concentrations. Testosterone concentrations during control bleedings increased (P < .05) with time. This increase was suppressed (P < .05) by both SS and SSE. Cortisol concentrations increased (P < .05) immediately after SS and SSE. Cortisol concentrations also tended to increase during the control bleedings, but only in stallions that previously had been exposed to SS or SSE. Prolactin concentrations increased (P < .05) immediately after SS and SSE and tended to rise during control bleedings in stallions previously exposed to SS or SSE. We conclude that 1) prolactin and cortisol were secreted rapidly in response to SS and SSE, 2) the rise in cortisol concentrations likely suppressed testosterone secretion within the next hour, and 3) stallions appeared to associate the distant sounds of other stallions with their own previous exposure to SS and SSE, resulting in a cortisol response (and perhaps a prolactin response) even in the absence of direct stimulation.
Introduction
Sexual stimulation and mating often increase secretion of LH and testosterone in males of various species (Taleisnik et al., 1966; Katongole et al., 1971; Schanbacher et al., 1987) . However, stimulatory effects on these hormones are not observed consistently (Convey 1Approved for publication by the Director of the Louisiana Agric. Exp. Sta. as manuscript no. 88-11-3012. 2Send reprint requests to D. L. Thompson, Jr., Anim. Sci. Dept., Louisiana State Univ., Baton Rouge 70803. 3Anita. Sci. Dept., Louisiana Agric. Exp. Sta. Received December 27, 1988 . Accepted March 13, 1989 Katongole et al., 1971; Sanford et al., 1974 Sanford et al., , 1977 . In contrast, increases in prolactin secretion in response to sexual activity appear to occur consistently (Convey et al., 1971; Kamel et al., 1975 Kamel et al., , 1977 Yarney and Sanford, 1983) . In stallions, the effects of sexual activity on LH and testosterone secretion also have been variable (Cox and Williams, 1975; Ganjam and Kenney, 1975; Bono et al., 1980 Bono et al., , 1982 Irvine et al., 1984) . There is one report that cortisol concentrations in stallions increase immediately after exposure to estrous females (Tamanini et al., 1983) , though cortisol often is secreted in response to stress (Ganong, 1973) . Few studies involving stallions have measured more than one or two hormones in response to sexual stimulation, and no information is available on prolactin. Thus, the present experiment was designed to determine the effects of sexual stimulation, with and without ejaculation, on plasma concentrations of LH, FSH, testosterone, cortisol and prolactin in stallions.
Materials and Methods
Six lighthorse stallions, 4 to 17 yr of age, were used. All stallions were sexually experienced and were familiar with semen collection via an artificial vagina. Estrous mares were chosen randomly from a herd of 67 that were checked for estrus daily; all mares were sexually experienced. Stallions were sexually rested for at least 7 d prior to onset of the experiment. Each stallion was exposed to three experimental treatments: 1) control (no stimulation), 2) sexual stimulation (SS; 5-min exposure to an estrous mare) and 3) sexual stimulation plus ejaculation (SSE; 5-min exposure to an estrous mare followed by mounting and seminal collection). All stallions were exposed to all treatments, one per day on three separate days, with 2 d of sexual rest between treatments. The order of treatments was unique for each pair of stallions (Table 1) .
Stallions were kept in outdoor lots and had no visual contact with mares. At 0700 on the mornings of treatment (d 1, 4 and 7), an indwelling catheter was placed in one jugular vein of each stallion. Stallions then were loosely tethered with ad libitum access to hay and water. Beginning at approximately 0800, blood samples (10 ml) were taken at -60, --48, -36, -24, -18, -12, -6 and 0 min relative to treatment. Immediately following the 0-min sample, one estrous mare was brought into close proximity of each stallion in treatments SS and SSE. These stallions were exposed to mares simultaneously on a given day; they were in adjacent pens approximately 30 m apart. They were allowed to interact with the mares over a fence for 5 min, after which time a blood sample was taken (+6 min). Stallions in treatment SSE then were allowed to mount the mare and to ejaculate into an artificial vagina. Control stallions, which were not exposed to mares, also were bled at +6 min. To minimize the amount of activity seen and herd by control stallions, they were kept approximately 150 m away from SS and SSE 12, 18, 24, 30, 36, 42, 48, 54, 60, 75, 90, 105, 120, 150, 180, 210 and 240 min relative to onset of treatment. Blood samples were stored on ice and were centrifuged within 6 h after collection; serum was harvested and stored at-15~ Serum concentrations of LH, FSH, prolactin and cortisol were measured by RIA as described previously (Thompson et al., 1983a (Thompson et al., ,b, 1986 . Concentration of testosterone was determined in duplicate extracts of serum as described by Thompson and Honey (1984) . For each hormone, all samples from a given stallion were included in a single assay.
Data for each hormone were analyzed by ANOVA that accounted for the repetitive nature of the sampling (split-plot design; Gill and Hafs, 1971) . Prior to analysis, data from each stallion were placed on a percent of pretreatment basis (time 0 = 100%). After analysis, the least significant difference test was used to determine whether treatment means differed from 100% (Steel and Torrie, 1980) . To investigate possible carry-over effects from treatments SS and SSE into the control period, hormonal concentrations during the control period for stallions A and D (no previous stimulation; Table 1 ) were compared with those for the remaining stallions in a split-plot ANOVA (Gill and Hafs, 1971) .
Results
Only isolated means for LH and FSH concentrations differed (P < .05) from time 0 (Figure 1) , and there was no consistent pattern to these differences in any group of stallions. In contrast, testosterone concentrations ( Figure  1 ) in stallions during the control period increased (P < .05) consistently and were greater (P < .05) than pretreatment from 48 to 90 rain after time 0 and again from 180 through 240 min. Testosterone concentrations in the two sexually stimulated groups of stallions did not increase during the first ]50 min after time O. Testosterone concentrations in SSE stallions were greater (P < .05) than pretreatment concentrations from 180 through 240 min.
Cortisol concentrations in stallions during the control period tended to rise after time 0 but did not exceed (P > .05) the least significant difference value (Figure 2 ). Cortisol Time (min) Figure 2 . Concentrations of cortisol and prolactin in serum of stallions exposed to no stimulation (Control), sexual stimulation (SS) or sexual stimulation followed by ejaculation (SSE) beginning immediately after time 0 (arrows). Data arc expressed as percent of time 0. Horizontal dashed lines bracketing 100% indicate :L the least significant difference (P < .05).
concentrations in both sexually stimulated groups increased (P < .05) rapidly after onset of stimulation. Means for SS stallions were also greater (P < .05) than pretreatment means at 75, 90, 120, 180, 210 and 240 min. When data for the control periods were analyzed separately, there was an interaction (P < .05) between number of previous mare exposures and breeding period. The two stallions that experienced the control regimen first (stallions A and D in Table 1 ) had no change in cortisol concentrations from time 0 through +240 min. However, three of the four stallions that had previously experienced one or both of the other two treatments exhibited a rise in cortisol concentrations after time 0 during the control period (data not shown).
Prolactin concentrations increased (P < .05) rapidly in both groups of sexually stimulated stallions (Figure 2 ) but returned to pretreatment concentrations within about 1 h. Prolactin concentrations in stallions during the control period tended to increase after time 0 for approximately the first 60 min and were greater (P < .05) than pretreatment concentrations at +60 min. As observed for cortisol concentrations, the two stallions not previously exposed to SS or SSE had constant prolactin concentrations throughout the control period.
Discussion
In contrast to findings of Irvine et al. (1984) , who reported a 34% increase in LH concentrations in plasma of stallions within 1 h after copulation, we observed no consistent change in concentrations of LH or FSH after sexual stimulation or ejaculation in these stallions. Bono et al. (1982) also found no change in LH concentrations in plasma from two stallions sampled after copulation on four different breeding days. Given this variation in results among laboratories, it appears unlikely that gonadotropin surges are important physiologic events associated with sexual excitement or ejaculation in the stallion.
Testosterone concentrations in these stallions during the control period increased throughout the morning. We observed similar increases in testosterone concentrations resulting in a midday peak (typically 2 to 4 h in duration) in two previous experiments (Thompson et al., 1985; Wiest et al., 1988) . Although the cause of this temporal change in testosterone concentrations is not known, its occurrence is consistent among stallions, it occurs in both summer and winter, and it is not associated with fluctuations in LH concentrations (Thompson et al., 1985; Wiest et al., 1988) . Based on the latter three facts, we suggested previously (Thompson et al., 1985) that this midday rise perhaps was due to increased physical activity of stallions, resulting in an increased blood flow through the testes. However, during the control period in the present experiment, despite no apparent change in physical activity of the stallions, testosterone concentrations increased. Thus, physical activity alone does not appear to explain the temporal changes in testosterone concentrations observed in this and previous experiments.
Both SS and SSE suppressed the increase in testosterone concentrations observed during the control period. A similar suppression of the midday rise in testosterone concentrations was reported for stallions administered adrenocorticotropic hormone (ACTH; Wiest et al., 1988) , In fact, the increases in cortisol concentrations observed in stallions in the present experiment after SS or SSE were of similar magnitude to increases observed after ACTH administration (Wiest et al., 1988) . Thus, we suspect that the alterations in testosterone secretion induced by SS and SSE in the present experiment were due to the increase in cortisol concentrations associated with sexual stimulation. As was found previously (Wiest et al., 1988) , the cortisol effect on testosterone secretion did not appear to be mediated through an alteration in LH secretion.
The increase in cortisol concentrations after SS and SSE was similar to that reported for stallions for Tamanini et al. (1983) . These latter authors also found no difference in the cortisol response between mare exposure with mating and mare exposure alone. In the present experiment, three of the four stallions that previously had experienced either SS or SSE (stallions C, E and F in Table 1 ) exhibited some degree of cortisol rise soon after onset of treatment during the control period, even though they had no physical or visual contact with mares during this time. We suspect that these stallions heard the other (stimulated) stallions responding to the presence of mares and associated the sounds with their own previous experience with the mares 3 d earlier.
Association of breeding activity with sights, sounds and locations is common in males of other species (Kamel and Frankel, 1978; Schanbacher et al., 1987) , and hormonal responses to breeding can be coupled to these indirect stimuli. Stallions that had not been previously exposed to SS or SSE (stallions A and D) had constant cortisol concentrations throughout the control period. Thus, sounds of sexual activity, which also would have been heard by these latter two stallions, alone were not sufficient to induce the cortisol response in the absence of previous exposure to the treatment regimen. Evidently, the sexual experiences of stallions A and D that occurred before the initiation of this experiment were not equivalent to experiencing either treatment SS or SSE 3 d earlier. This might be due to the fact that all breeding and teasing activity at our laboratory takes place in a breeding shed area, which is located away from the pens. Alternatively, these results may indicate that the conditioning effect of sexual activity on the cortisol response decays within 7 d in stallions.
Both SS and SSE resulted in a rapid increase in prolactin concentrations in these stallions. Similar effects of sexual excitement and copulation on prolactin secretion have been reported for males of other species (Convey et al., 1971; Kamel et al., 1975) . As was observed for cortisol concentrations, there was a tendency for prolacfin concentrations to increase during the control period in stallions previously exposed to SS or SSE, although the magnitude of the response was not so great as that for cortisol.
Implications
The significance of the brief rises in prolactin and cortisol concentrations in response to sexual excitement is not known. Cortisol, the major cordcosteroid in many mammalian species, is generally secreted in response to stressful stimuli. Thus, we would speculate that during sexual excitement in stallions, cortisol is secreted in preparation for (or in anticipation of) the physical demands of mounting and breeding. Prolactin secretion in response to sexual excitement may be part of a generalized stress response, rather than a specific reproductive event.
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